In the gonad of C. elegans worms, germ cells form the outer lining of the central tube, the rachis, which carries a cytoplasmic flow. The porous interface between the germ cells and rachis allows a radial flow of cytoplasm across the interface. In the upstream, the flow at the interface is radially inwards boosting the main cytoplasmic flow in the rachis, while in the downstream the flow is radially outward feeding the germ cells to become oocytes. We analyze the cytoplasmic flow in rachis as a flow in a porous tube of varying width, with spatially heterogeneous flow injection or leakage rates. Taking the geometry of the rachis into account, we predict properties of the rachis flow, such as pressure gradients and spatially heterogeneous flow speeds. Based on these, we speculate how directions of sub-flows between germ cells and rachis could be regulated for the development of healthy oocytes. Knowledge of this connection between micro-scale flow mechanics and physiological parameters may then also help us understand the abnormalities of reproduction in C. elegans worms with mutations or pathologies.
Introduction
Cytoplasmic streaming is responsibe for fast transport of nutrients, filaments, mRNA and other material from one part of the cell or organ to the other [8] . Some examples are, movements of chloroplasts and growth of pollen tubes in plants, and intra-cellular transport of actin monomers in the direction of cell movement [10] . Oogenesis, the mechanism for production of egg cells or oocytes in C. elegans worms offers a model system to understand how cytoplasmic streaming nourish potential oocytes, required for reproduction. While this model system has been important to developmental biologists for studying stem cell differentiation, programmed cell death (apoptosis) and embryo development [11, 20, 7] , we are interested in the mechanical aspects of cytoplasmic streaming. Specifically, we seek to estimate the magnitude and direction of pressure gradients within the C. elegans gonad that are needed to sustain cytoplasmic streaming and the closely associated oocyte production, at experimentally observed rates.
The reproductive system of C. elegans has two identical U-shaped gonad tubes extending from a single vulva (see fig. 1a )) [13, 5] . One of the U shaped arms, with the proximal and distal ends marked, is schematically shown in fig. 1b ) in greater details [14] . The arm consists of an inner central tube called rachis [13, 1] , which has a corset-like structure with a regular array of holes called rachis bridges [24] . These bridges connect the rachis with the germ cells that form the outer lining of the tube (see fig. 1a )). Mitotic cell divisions occur at the distal end of rachis and create a proliferation pressure gradient that drives the slow movement of the germline cells away from the distal end [5] . The main flow in the rachis, on its way to the proximal end, receives cytoplasm from the germ cells through the rachis bridges [1] . Furthermore, a significant fraction of germ cells undergo apoptosis in the late pachytene region (see fig. 1a )) and add their cytoplasm to the rachis, thereby boosting the flow [11, 26] . A somewhat similar mechanism, in which dying germ cells act as nurse cells to feed growing oocytes, has been well studied in Drosophila [27, 25] .
A role reversal occurs towards the proximal end in that the surviving germ cells, instead of boosting the rachis flow, start to grow themselves from the cytoplasmic influx into them from the rachis, (see fig. 1 ). Based on this observation, Wolke et al. [31] proposed a few qualitative scenarios on how actomyosin contractility of the growing oocytes may assist them in pulling in cytoplasm from the rachis to grow in size. These specific flow directions require that the pressure in the rachis must be lower than that in the nursing germline cells whereas the pressure in the growing oocytes must be lower than that in the rachis. Unidirectional flow in the rachis, on the other hand, requires a monotonically decreasing pressure in the flow direction.
There are very few instances of quantitative modeling [5, 17, 2] in this context. All the models so far focused on computation of cellular fluxes in the germline layer, lining the rachis. They used various experimentally known rates of fertilization, death, and division as inputs. Attempts have been made to connect cell speeds in the germline to protein signalling, gonad growth and ovulation cycles. However in all these the cytoplasmic streaming in the rachis has been completely ignored. In this paper, we develop a quantitative model that connects the oogenesis rate to the cytoplasmic streaming speed in the gonad and obtain the pressure gradient across the rachis required to maintain it. The model also incorporates experimentally observed spatial variations in the cytoplasmic exchange between the germline cells and rachis (see fig. 1 ).
We use the experimentally known parameters for the cytoplasmic flow, approximate geometry of the rachis, size of oocytes, and time-scales of ovulation to set up a quantitative model which allows us to estimate the fluid pressure profile in the streaming cytoplasm. We first model the cytoplasmic streaming through the rachis as fluid flow in a tube with porous walls [32] . The porous wall admits influx of fluid through the first part of the tube and allows outflux in its later part ( fig. 1b) ) thereby mimicking the influx of cytoplasm into the rachis from the germline cells and the outflux of cytoplasm into the oocytes. We do not explicitly consider the movement of germline cells and the oocytes but account for their effects on the rachis streaming only through the boundary conditions. With these assumptions, we then solve the resulting partial differential equations (PDE) for the stokes flow, using finite element analysis. We aim to obtain the pressure gradients in the rachis that can sustain these cytoplasmic exchanges and flows. We then connect proximal cytoplasmic streaming with both the size and growth rate of oocytes, as well as rachis geometry and also obtain a relation between the oocyte wall curvature and internal pressure using Young-Laplace equation. We estimate that the overall pressure drop within the rachis is relatively small when compared to the pressure difference across the cells in the germline layer. We hence propose that the pressure difference between the rachis and the surrounding cells is the primary driver of cytoplasmic streaming and thus of central importance for oogenesis in C. elegans.
Model for cytoplasmic streaming in the rachis
The influx of cytoplasm into the rachis occurs from the surrounding germline cells through the rachis bridges. Large contributions also come from apoptosis of many germline cells that are located around the turn region of the gonad [11, 26] . Germline cells that escape apoptosis are typically designated to become oocytes, and they grow rapidly by absorbing a part of the cytoplasm from the rachis flow, while slowly moving towards the proximal end of the gonad (see fig. 1a )) Model is 2D axisymmetric along the z axis and the total velocity flux is conserved in the system. The inset shows that we considered a tiny flat tip of the cone to avoid the singularity arising in the simulation due to sharp tip.
We model the cytoplasm to be incompressible as a consequence of which ∇ · v = 0, where v(r) is the velocity field for the rachis flow. The Reynolds number for the flow is Re = vRρ µ , where v, R, ρ, and µ are, respectively, flow speed, rachis radius, cytoplasm density, and fluid viscosity. Upon substituing the typical values for these quanti-ties v ≈ 7 µm/min, R ≈ 7 µm, µ ≈ 1 Pa.s, and ρ ≈ 1000 kg/m 3 [7, 16, 21, 28] , we obtain Re ≈ 10 −10 ≪ 1. With these considerations, we can now describe the cytoplasmic streaming in the rachis as an axisymmetric viscous Stokes flow in a porous tube with influx/outflux boundary conditions at the walls mimicking the fluid exchange at the rachis bridges. To mimic the tapering of rachis tube towards the proximal end, we consider a composite geometry of a cylinder joined with a cone. The cylinder represents the distal arm and has length L cyl = 270 µm and radius R = 7 µm. The cone represents the post-pachytene region of the rachis which gradually narrows down and ends at a maturing oocyte, see fig. 1b ). We take a length L cone = 90 µm for this portion. These numbers are typical of a normal, adult hermaphrodite as measured in refs. [1, 2, 31] . Also, for simplicity, we considered a straight rachis tube ignoring the post pachytene turn, (see fig. 1a )). We also assume the system to be in a steady-state in a mean sense over one oogenesis cycle, thus neglecting any finer temporal variations. The resulting equations to be solved are,
T )] = 0, and
where, µ is the dynamic viscosity, p(r) the pressure and
is the axisymmetric velocity field for the streaming cytoplasm in cylindrical coordinates. We set flow influx boundary condition (BC) at the cylindrical portion of the wall and outflux condition at the conical region of the wall by providing normal velocity v n = v ·n -v n is termed v in and v out , respectively, for influx and outflux. The conical region in the model is terminated with a short vertical tip, and provided with zero velocity BC, to avoid convergence issues at a strictly sharp tip (see fig. 1b )). We explore various spatial distribution of v n (z) such that the total influx and outflux balance each other in this selfsustained system. In fact by simple mass conservation, the total influx of cytoplasm into the rachis should equal the volume rate at which the oocytes detach off at the end of the rachis. To prevent convergence issues that can arise from implementing this overall zero flux condition in an incompressible fluid, pressure BC p(z = 0) = P 0 is applied at the left extreme -the exact value of P 0 is immaterial as far as the rachis flows are concerned. The tangential velocity of the cytoplasm at the boundary is kept as zero, though strictly speaking its value should be equal to the speed of the slowly moving germline cells around the rachis. The numerical solution is obtained using the finite element analysis (FEA) software COMSOL (https://www.comsol.com).
Results
In the light of known experimental findings [31, 24] , we now analyze our model for different combinations of influx and outflux conditions at the walls and obtain the resulting flows and pressure drops in key regions of the gonad.
Fluid pressure and flow in the cylinder for uniform boundary influx
First, we focus on spatially uniform influx because significant insight on pressure gradients can be obtained from an analytical solution known for steady laminar flows in porous cylindrical tubes [32] . This problem was originally solved for rectangular geometry by Berman [4] and was subsequently extended to cylindrical geometry by Yuan et al. [32] . This analytical solution also offered us a limiting case for validating our COMSOL code which can take into account more general in-/out-flux conditions and geometries, and are discussed in the results section. Yuan's expressions for pressure drop along the flow direction and the corresponding velocity profile, respectively, at low Reynolds number are
Here, ∆z = z − z 0 such that z 0 is the designated entry point of the flow, As can be seen from eq. 4, flow speed is parabolic although the axial velocity v z keeps increasing with z due to continuous influx of fluid through the walls. Indeed, experiments have reported [31] that cytoplasmic velocity does increase up to the start of the turn, which in our model is located where the cylinder meets the cone.
For sustained oogenesis in C. elegans gonad, a volumetric flow rate Q = 2πRL cyl × v in of cytoplasm through the rachis tube is maintained near the turn. For this magnitude of Q we can then obtain the pressure difference ∆p rachis between the distal end of the gonad and the turn by using eq. 3. Now, how does this ∆p rachis compare with the pressure difference ∆p pipe required for generating the same Q for regular pipe flow with the boundary influx turned off (Poiseulle flow)? We note that the steady-state velocity profile has the same parabolic form v z (r, z) = U (z)[(1 − (r/R) 2 ] in both the cases, where U (z) = v z (0, z) is the axial velocity along the central axis (r = 0). For a non-porous pipe, U (z) = v pipe is independent of z, whereas for the rachis, U (z) = v 0 [1 + v z (r, L cyl ) × 2πrdr, to be same in both the cases, we need
Substituting for v 0 from eq. 5 into the formula for pressure drop (eq. 3) we get the pressure drop over distance L cyl as
where,
is the corresponding pressure drop in a plane tube [15] . Thus the rachis flow requires approximately half the pressure head compared to a tube, in order to deliver the same flux. Hence, the rachis flow mechanism seems to have the feature of better maintaining the uniformity of pressure over a given distance when compared with a general pipe flow. On the other hand, pressure difference is needed between the rachis and the germline cells all along the rachis for cytoplasmic influx into the rachis.
To quantify flows in the pre-turn (cylinder) part of the rachis, the only unknown parameter left is v in , which is estimated by comparison with the cytoplasmic streaming speeds reported in a few experiments. We use two independent experimental inputs for this purpose and both give similar estimates. For example, the mean axial speed was reported to be maximum at the turn of the rachis and had a magnitude of ≈ 7 µm/min [31] . By continuity of the incompressible flow, the total influx of fluid from the walls of the cylinder equals the overall volumetric flux Q at the turn, i.e., the intersection between the cylinder and the cone, such that
as noted above, v in ≈ 0.09µm/min. We can also estimate v in from the fact that an oocyte is produced every 23 minutes [18] . Volume of the oocyte at the end of the rachis is about ≈ 14000 µm 3 . Assuming uniform injection we get v in ≈ 0.05µm/min.
Fluid pressure and flow in the entire rachis (cylinder and cone)
We now obtain the axisymmetric velocity and pressure profiles in the entire rachis, depicted by the combined cylindrical and conical region. The influx at the cylindrical wall v in = 0.14 µm/min is as earlier, and a linearly decaying outflux at the conical wall
, where L = L cyl +L cone , and v o is obtained by equating total influx into the cylinder with the total outflux from the cone (see fig. 2 ). As discussed earlier, we set pressure p(z = 0) = P 0 at the left boundary as a proxy for zero flux (see fig. 1b )), and v(z = L cyl + L cone ) = 0 at the right boundary for numerical convergence. Figure 2 . The parabolic velocity profile of the cytoplasmic fluid flow along the axial direction in the rachis. a) The red arrows show a parabolic profile and we can see that the fluid flow takes an inward bend near the injection boundary into the axial direction. b) v r along the rachis radial distance in the cylinder at z = 180 µm and, the cone at z = 300 µm.
The axisymmetric velocity in the cylindrical portion is shown in fig. 2 . As predicted by eq. 4, v z indeed has a parabolic profile in the cylindrical region. The radial component v r is negative (due to injection) and small as compared to v z , and also decays away from the wall (r = R) towards the central axis (r = 0) (see fig. 2 ). In the conical portion for which we do not have any analytical formula, v z is still parabolic while v r is positive (due to outflux) and rises steeply away from the central axis (see fig. 2 ). It follows from flow continuity that v z keeps rising upto the junction where the cylinder meets the cone and decays thereafter. Although the volumetric discharge through the conical cross section keeps decreasing with z due to the cumulative outflux at the walls, v z could show a local increase along z due to the narrowing of the cross-sectional area. However, for the v out we have chosen, this effect gets suppressed and zero velocity condition is satisfied at the proximal end.
In order to produce mean velocityv of approximately a few microns per minute in the rachis, consistent with experimental observation [31] , the required pressure drop across the full length of rachis turns out to be very small, ≈ 7 Pa. However, for C. elegans the pressure in the internal tissues, which include the gonad tube, is 2 − 30 kPa [22] . More specifically, Gilpin et al. [9] have reported that when the worm is subjected to compression of up to tens of kPa, it resists contraction beyond 30% volumetric strain, which they attributed to the incompressibility of the internal tissues including the gonad tube. They further showed that mutants without the outer cuticle also demonstrate similar resistance to compression. Therefore the cytoplasmic pressure in the rachis is most likely to be in the kPa range. On this scale the drop in pressure along flow direction (few Pa) is negligible. We also estimate later that the reduction in internal cell pressure along the moving train of oocytes is of the order A change in the sign of the pressure difference p cell −p rachis from positive to negative can explain the role reversal of the germline cells from being the feeder of the rachis to being fed by the rachis when they grow into oocytes. Of course, other mechanisms mediated by actin can also add to the lowering of pressure in the oocytes. The equation for pressure drop in the fluid flow is dependent on rachis dimensions. The rachis width can be widened or narrowed by reducing or increasing, respectively, the contractility of the rachis bridge, as reported in ani-2 mutants of C. elegans [1, 24] . In fig. 3 , we show the net pressure drop over the length of the rachis, computed for different rachis radii, keeping the total flux J in same in one case, and v in same in the other. In both cases pressure drop and mean streaming speed decrease with increasing rachis diameter, (see fig. 3 ). Similar trend for streaming speed was also observed in experiments of ref. [24] , although it is not clear which ensemble, constant influx or constant v in is applicable in that case.
In fig. 4 , we plot the cytoplasmic particle speed for different regions of the rachis as reported by ref. [31] . The curve is nonlinear, where as our basic model, with uniform influx v in , gives a linear mean velocity profile in the cylindrical region. This shows the need for spatially nonuniform injection profile. We explored various forms for the injection and ejection profiles v in (z) and v out (z) which is shown in fig. 4 along with the resulting mean axial speed. In all such variations the total influx (and hence outflux) have distance along the rachis axis, z Figure 4 . Cytoplasmic speed inside the rachis: comparison to experiment [31] . Symbols, are the experimental data, along with their error bars (the shaded region). The broken lines are our computation results for the cylindrical region, for different influx profiles v in (z) (qualitatively shown on the side). The various influx velocity functions are blue
) and values of the constants used are z i1 = 180 µm, l i1 = 35 µm, z i2 = 220 µm, l i2 = 20 µm, z i3 = 20 µm and l i3 = 55 µm.
been kept same as in the uniform injection case. Figure 5 . Cytoplasmic flux and axial speed due to spatially inhomogeneous influx and outflux. Both v in (z) and v out (z), shown in the legends, are chosen to be Gaussians, centred at the mid-points z i = 180µm and z o = 320µm of the cylindrical and conical regions, respectively, with values of the constants l i = 35µm and l o = 16µm. Total influx at the cylindrical boundary is equal to the total outflux from the conical wall, and has the same magnitude as that used for fig. 4 .
Experimental and computational estimates for outflux after the turn (cone)
Although we do not directly model the migration of the moving germline cells along the wall of the rachis, we can estimate their speed from experiental data of Wolke et al. [31] . For this we track the change in volume of the successive oocytes, ∆V along the rachis in the proximal zone. As the oocytes eject at a rate of one per 23 minutes (=∆t) [18] , the successive oocytes trailing in the assembly line move by one cell distance ∆s, with a volume change of ∆V . After measuring ∆s from experiment images [31] using ImageJ we compute the speed of the oocytes, v cell = ∆s ∆t . We do this exercise over consecutive five cells in the proximal region after the turn in the rachis (see fig. 6a ) and table 3.3). Berger et al. [3] have recently reported the average cell migration speed in the nearby pachytene region to be 0.052 µm/min. Considering the fact that the streaming speed monotonically increases towards the turn and decreases after that, our estimates from the images are quite close. Table 1 . The estimate of outflux J out with which the streaming cytoplasm fills the oocytes, and the oocyte speed v cell in the direction from late pachytene region towards the proximal end as labelled in the fig. 6a ). The volume change in each oocyte during time interval ∆t = 23 minutes of one ovulation cycle is ∆V . The average cell-length and the distance ∆s between each oocytes are measured using ImageJ.
We also estimate the cytoplasmic outflux speed v out in the proximal region from the rachis to the growing oocytes using the same data [31] , using the relation ∆V ∆t = v out × πr 2 rachis for the individual oocytes, where their rate of growth is determined by the influx through the rachis bridge. The radii of the rachis bridges in the oocytes, r rachis are approximated by half of the oocyte length. The values of J out , obtained this way, for five successive oocytes (see fig. 6a )) are shown in table 3.3 and shows a spatially inhomogenous profile with z. We therefore also studied the case when both v in (z) and v out (z) are both spatially inhomogeneous. The corresponding spatial profiles for cytoplasmic discharge in the rachis and the average streaming speed are shown in fig. 5 . Both axial speed and flux reaches a plateau as the influx tappers off near z ≈ 200µm, but the velocity rises sharply in the range z = 270 − 310µm as the flow enters the cone (at z = 270µm) with narrowing cross-section and where the outflux is yet to pick up, but then rapidly decays to zero after peaking. Schematic of the growing and moving oocytes beyond the gonad turn. a) The oocytes are labelled for better understanding of their position towards the proximal end in the discussed calculations. Curvature is observed at the interface between adjacent oocytes and can be seen due to b) the pressure difference across them, and c) the pressure gradient developed between the anterior and posterior ends inside the oocytes because of potential cytoplasmic streaming within oocytes.
Estimate of pressure gradients in the germline across the oocytes
Fluorescent visualization of oocytes [31] shows that the interface between two successive oocytes has a convex curvature towards the exit implying that the oocytes ahead in the queue have decreasing pressure. Assuming quasistatic conditions, the curvature gives us an estimate for the pressure drop across the interface. From the experimental figures in Wolke et al., [31] , we measured the radius of curvature R c of the successive interfaces between the cells 3, 4, 5 and 6, as labelled in fig. 6a ), by fitting circles to the interfaces using ImageJ (see table 2) -the radius of curvature in the perpendicular direction was also assumed to be R c (i.e., spherical interface). Ignoring bending rigidity of the cell-cell interfaces, we estimate the pressure drop across cell (see table 2) using the Young-Laplace equation as ∆P cells = 2σ/R c , where, σ is the interfacial surface tension of the order ∼ 3 × 10 −4 N/m [30] . However, the applicability of Young-Laplace equation relies on pressure equilibriation inside the individual cells of interest, an assumption which may not be completely correct since the oocytes are continuously fed by cytoplasm streaming in the rachis. Morever, since the oocytes are moving, a part of this pressure difference across the oocytes may be required to overcome friction between the oocytes and their surroundings. We also note that cytoplasmic streaming that requires a pressure difference of the order 5 − 6 Pa between the an-cell interface . 6b) ). The radius of curvature of the cells, R c is measured from fig. 1B of Wolke et al. [31] using ImageJ.
terior and the posterior ends of the cell has been visualised within C. elegans one-cell embryo [20] . Since the anterior end of one of the oocytes in the germline is the posterior end of the other, this pressure difference could be another possible reason for the nonzero curvature of the oocyte-oocyte interfaces. In figs. 6b) and c) we show a schematic depicting both these scenarios.
Discussion
From the preceding analysis, a simple picture of the oocyte formation process emerges. Germline cells in the distal arm of C. elegans gonad, including the apoptotic nurse cells, first squeeze their cytoplasm into the enclosed rachis. Such donation of cytoplasm by nurse cells to the growing ooctyes is also seen during oogenesis in Drosophila [27, 25] . The cytoplasmic influx then streams through the rachis and is absorbed by the oocytes in the proximal arm of the gonad. The streaming process, which we model as Stokes flow in a porous tube, is also greatly reminiscent of blood flow through the capillary vessels and glomerular filtration in the kidneys [23, 12] . An interesting feature of this flow mechanism, in which there is a gradual build up of volumetric flow in the rachis through the boundary influx, is its ability to maintain a relative constancy of fluid pressure head within the rachis, when compared with the regular impermeable pipe flow.
The outflux of cytoplasm from the rachis into the oocytes requires the pressure in the rachis to be higher than that in the oocytes. While we estimated the pressure drop across successive oocytes to be of the order of 20 − 30 Pa, our analysis for cytoplasmic streaming shows that the pressure drop across the whole rachis should only be a few pascals. Thus the fluid pressure in the rachis is practically constant at P rachis . Hence, to ensure the flow of cytoplasm into the oocytes, P rachis > P 1 > . . . > P 5 (see fig. 6b) ). This observation implies that the pressure drop between the rachis and the oocytes should gradually increase towards the proximal end, thus potentially resulting in a larger cytoplasmic influx for the oocytes ahead in the queue. This deduction is partially consistent with the data which shows that the influx indeed rises initially between oocytes 1 and 3, but then later decays towards the proximal end between oocytes 3 and 5 (see table 3.3). However, this decrease could also happen due to some other factors not considered here. For example, a higher pressure difference may be required to pump in more cytoplasm into the oocytes as they reach closer to their maximum size.
It is quite likely that the oocytes have internal cytoplasmic pressure in the range of 10 − 100 Pa, similar to that measured in most eukaryotic cells [29, 6] . Given that 5 − 6 convex oocyte-oocyte interfaces can be detected towards the proximal end of the C. elegans gonad, we estimated the net pressure drop across oocytes 1 and 5 to be of the order of 100 Pa. Hence, to ensure P rachis > P 1 > . . . > P 5 , the cytoplasmic pressure in the rachis must at least be more than 100 Pa. Indeed, the experimentally observed resistance of the gonad tube under hydrostatic compression [9] is also suggestive of high internal pressure in the rachis. However, we note with caution that this estimate relies on the assumption of pressure equilibrium inside the oocytes and the applicability of Young-Laplace equation to slowly moving interfaces between the oocytes. It is also interesting to note that cytoplasmic streaming, and more specifically, circulation inside oocytes could be an alternative reason behind curved interfaces (see schematic fig. 6 ). Such circulatory flows are known to create pressure gradients inside C. elegans embryo (at its single cell stage) and mouse oocytes [20] , with higher pressure at the leading edge (anterior), shown in bold-face in fig. 6c ).
In this paper, we have performed analytical calculations, numerical computations, and back-of-the-envelope estimates to get insights into various pressure gradients that are likely to be required for cytoplasmic streaming and oogenesis in C. elegans gonad. One of the main drawbacks of the current study is that we do not explicitly include the physics of germline cells and oocytes in our model, but include their effect on cytoplasmic streaming only indirectly via influx and outflux. There also are other aspects that are not considered in our modeling. These include, dynamics of rachis bridges [1, 24] , movements of germline cells and oocytes [2] , unsteady nature of the cytoplasmic flows, exact geometry of the gonad, potential spatio-temporal variability of the cortical tension in the oocytes, and the role of chemical signalling [19] . Although the inclusion of one or more of these features would indeed make the modeling more comprehensive, it would come at the cost of conceptual clarity. The main message of this work is that the fluid pressure within the rachis tube is almost constant, and it is the pressure difference between the cytoplasm in the rachis and germ cells/oocytes that is most likely the primary driver of cytoplasmic streaming and oogenesis in C. elegans gonad. Although quite simple, we believe that our's is the first attempt to not only quantitatively address this vital biophysical process but also make clear and falsiable hypothesis.
